
Overview on particle detectors trends



General Trends: Large size for large experiments
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ATLAS NSW
LHCb SciFi

CMS MTD



General Trends: miniaturising for novel performance
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Scintillating Materials: Quantum Dots
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Bulk Crystals

Plastic Scintillators

Energy band gap (Eg) varies with quantum dot size

5.5 nm 2.3 nm 



Scintillating Materials: Perov
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Crystals with tunable opto-
electronics performance“ that can be 
used in tiles, films, liquids

Or, they can be polarised to be used as photo-diodes

PEROV team (Chiara & Silvio) is studying the possibility of obtaining 
an internal electric gain

They can be used as scintillating materials
Or in the solar cells…



Scintillating Materials: TOPS project
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The SBAI-group, in collaboration with colleagues from Chemistry, are developing and testing of 
new fluorophores for the production of fast and easy to manipulate new plastic scintillators

Excellent time resolution
These scintillators can be: 
- enriched with hi-Z elements (first test with Er and Bi) 
to better contain high energy X-rays; 
- incorporated in 3D printed resin without losing their 
properties;



Scintillating Materials: Dual Emission for dual readout
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Different fibers for different signals 
for “spontaneously” compensated 
hadronic calorimeter

The Cherenkov (SiO2) and scintillation (SiO2:Ce3+) 
light coexist in a single fiber and can be “tuned.”

Cherenkov Scintillation
With a single “mixing” 
parameter



Micro Pattern Gaseous Detectors
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In the last 30 years, large number of different 
structures and material studied; 
Roma1 is an active component of RD51 
collaboration;

New readout approach: optical



MPGD: Optical readout
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Increase the light signal by accelerating 
electrons in gas after the multiplication
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Addition of CH4 
increases optical 
signal strength 
and provides very 
light targets for 
low mass DM 
searches



MPGD: Optical readout
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MPGD: GEMPix
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LaGEMPix: optical photo detectors (Organic Photo-Diodes) on top 
of TFT sensitive to scintillation light with 120 μm2 pixels 

3D dose distribution profile

35 keV X-rays mask tomography



MPGD: GridPix
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Francesco Renga is studying this device to 
readout a TCP for a possible application to the 
study of the electric dipole moment of 
the muon



Digital SiPM and readout
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Each SPAD is connected to its own 
readout chain up to discrimination: 
integrated photon counting mode

Noisy cells can individually be switched off

Time difference 
with a 22Na source 
shows a 50 ps 
time resolution

SiPM readout 
with industrial 
chips for space 
or bio/chemio-
luminescence 
applications



Other Micro Patterns: Carbon nano-structures
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Graphene sheet used to hold trizium target

RAPID COMMUNICATIONS

PUJARI, GUSAROV, BRETT, AND KOVALENKO PHYSICAL REVIEW B 84, 041402(R) (2011)

the energy self-consistency and 0.005 eV/Å for the forces.
Further, to maintain the accuracy, integration over the Brillouin
zone was performed on regular 26 × 26 × 1 Monkhorst-Pack
grids. The band structure was plotted on the lines joining the
M , !, K , and M points, and the individual line segments
were sampled using 50 grid points each. The corresponding
precision was also maintained for the cell optimization carried
out using the Broyden-Fletcher-Goldfarb-Shanno (BFGS)
quasi-Newton algorithm. The convergence threshold on the
pressure was kept at 0.1 kBar. The computational unit cell
consisted of two carbons and two hydrogens. A vacuum space
of 12 Å was kept normal to the SSHGraphene plane to avoid
any interactions between the adjacent sheets.

It is worthwhile to review some properties of graphene
and graphane before we discuss SSHGraphene. Graphene is
a one-atom-thick sheet of sp2-bonded carbon atoms that are
densely packed in a bipartite crystal lattice. It has two atoms
per unit cell, which has the lattice parameter of 2.46 Å, with
a carbon-carbon bond length of 1.42 Å. Although graphane
is bipartite and hexagonal, its unit cell has four atoms (two
carbons and two hydrogens) and has a larger lattice parameter,
namely, 2.51 Å.13 In graphane every alternate carbon atom is
attached to a hydrogen atom from alternate sides of the plane.
In response to the addition of hydrogens, the carbon atoms are
displaced out of the plane toward hydrogen atoms. In short,
the carbon atoms in graphane are no longer planar.

The unit cell of SSHGraphene also contains four atoms, two
carbons and two hydrogens. We carried out full optimization
of the unit cell, including both the unit cell geometry and the
atomic positions. The optimized geometry of SSHGraphene
is shown in Figure 1. As seen from the figure, the cell is
similar to that of graphene, except that the lattice parameter
for SSHGraphene is now enlarged to 2.82 Å, which is larger
than graphane (2.51 Å) as well. Notice that the enhancement is
necessary in order to accommodate the hydrogen atoms, as the
unoptimized unit cell of graphene does not favor the complete
hydrogenation. The increase in the lattice parameter is due to
the increase in the carbon-carbon bonds, which is increased
from 1.42 (in graphene) to 1.63 Å. The increase in the bond
length upon hydrogenation is not surprising, as the same effect

1.09

1.63

Å

Å

FIG. 1. (Color online) Hexagonal structure SSHGraphene with
carbon and hydrogen atoms shown in darker and lighter shade,
respectively. The structure has the symmetry of graphene and the
carbon atoms are in a single plane (unlike graphane).

TABLE I. A comparison of graphene and SSHGraphene vs
graphone and graphane as reported in the literature.12,13 a is the
lattice parameter, and "E is the binding energy (eV).

SSHGraphene

Graphene Graphone12 Graphane13 HSE PBE

a (Å) 2.46 – 2.51 2.82 2.83
C-C (Å) 1.42 1.50 1.52 1.63 1.64
C-H (Å) – 1.16 1.11 1.09 1.08
"E/atom 9.56 – 6.56 5.90 5.54

is also seen in graphane. Similarly, as expected, upon single-
sided hydrogenation the carbon atoms remain in one plane with
the hydrogens forming another plane at 1.09 Å. This is a typical
bond length of C-H when bonded covalently. (In methane, for
example, the bond lengths are also 1.09 Å.) To summarize, a
comparison of (available) structural parameters of graphene,
graphone, graphane, and SSHGraphene are given in Table I. It
also shows the binding energy per atom, which is the signature
of energetic stability of the system. The binding energy for
SSHGraphene is calculated using the pseudoatomic energies of
carbon (EC) and hydrogen (EH) atoms and using "E = EC +
EH − ESSHGraphene, where ESSHGraphene is the total energy of
SSHGraphene. Thus, the higher the energy the more stable the
system. The binding energies for graphene and graphane are as
reported in the literature.13 The overall trend is quite straight-
forward. Graphene, having the smallest C-C bond, is the most
stable of all. Although not as stable as others, SSHGraphene is
still strongly bound. To put it in perspective, recall that benzene
has the binding energy 6.49 eV/atom while acetylene has 5.90
eV/atom,13 and both are among the most stable hydrocarbons.
Thus there is no doubt that SSHGraphene is indeed very stable.
Further, we studied the reaction pathway of the hydrogen
detachment using nudge-elastic-band method. Two cases were
considered: desorption of 50% H atoms (one H per primitive
cell) and desorption of effectively single H atom (one H from
2×2 unit cell). The potential energy landscapes obtained, see
Fig. 2, clearly depict one deep potential well at 1.08 Å. The
presence of the deep well and the absence of any other well
in the vicinity clearly favors the formation of SSHGraphene.
(More details in Supplemental Material.30) We would like to
mention that synthesis of the SSHGraphene may be similar to
graphane in which the hydrogen atoms are kinetically trapped
in the potential-energy minimum near the graphene plane.

It is well known that the graphene band structure is very
sensitive to deformations of any kind. As noted before, there
is a clear evidence that upon partial hydrogenation the band
gap of graphene is opened. It is thus easy to conjecture
that the SSHGraphene would be a semiconductor. However,
the most remarkable feature of SSHGraphene is that it is a
semiconductor with an indirect band gap. The band structure
of SSHGraphene shown in the upper part of Fig. 3 clearly
exhibits an indirect band gap. The value of the gap is 1.35 eV
for HSE and 1.89 eV for PBE functional. The qualitative nature
of band structure remains unchanged. This value of the band
gap is of interest as it lies in between the gapless graphene
and the rather wide band-gap graphane (3.5 eV by DFT and
5.4 eV by GW method31). Thus, SSHGraphene becomes a
preferred organic candidate for semiconductor based devices.
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Carbon nanotubes used to select recoil directionPtolemy



Reduce, re-use, re-cycle

15Thanks to recirculation emission already reduced by > 90%

800 BGO crystals recovered from L3 for DREAM 
and the PADME and FOOT experiments

New eco-friendly liquids/gases have been developed for industry 
Ionisation properties in particle detection not well known



Conclusion
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Wide spectrum of interests and cutting edges activities (I’m sure I forgot big part of them, sorry); 
Crucial is the collaboration with non-particle physicists: solid matter, chemistry  
To share competences and knowledges, we should find: 

   Time 

Foresee thematic workshops on experimental and technological challenges (low energy 
measurements, low radioactive detectors, high rate environment);  

   Space 

Some of these activities took place at Segre Laboratories; 

We have the opportunity to transform it in a functional lab (not a storage place), with services (gas, 
grounding, network) with room assigned on demand to active groups.



Sapienza
Soratte Unshielded
LNGS Unshielded

Soratte Shielded

Other Spaces: Soratte Bunker
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101-102 less radioactivity 
Lot of available room, interesting for R&D 


